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A pri  mary-in  ter  ac  tion based Monte Carlo al  go  rithm has been de  vel  oped for de  ter  mi  -
na tion of the to tal ef fi ciency of cy lin dri cal scin til la tion  g-ray de tec tors. This meth od ol -
ogy has been im  ple  mented in a Matlab based com  puter pro  gram BPIMC. For point
iso  tro  pic sources at ax  ial lo  ca  tions with re  spect to the de  tec  tor axis, ex  cel  lent agree  -
ment has been found be  tween the pre  dic  tions of the BPIMC code with the cor  re  -
spond  ing re  sults ob  tained by us  ing hy  brid Monte Carlo as well as by ex  per  i  men  tal
mea  sure  ments over a wide range of g-ray en  ergy val  ues. For off-axis lo  cated point
sources, the com par i son of the BPIMC pre dic tions with the cor re spond ing re sults ob -
tained by di  rect cal  cu  la  tions as well as by con  ven  tional Monte Carlo schemes shows
good  agree ment  val i dat ing  the  pro posed  al go rithm.
Us  ing the BPIMC pro  gram, the en  ergy de  pend  ent de  tec  tor ef  fi  ciency has been found
to  ap proach  an  as ymp totic  pro file  by  in creas ing  ei ther  thick ness  or  di am e ter  of
scintillator while keep ing the other fixed. The vari a tion of en ergy de pend ent to tal ef fi -
ciency of a 3" ´ 3" NaI(Tl) scintillator with ax  ial dis  tance has been stud  ied us  ing the
BPIMC code. About two or  ders of mag  ni  tude change in de  tec  tor ef  fi  ciency has been
ob served for zero to 50 cm vari a tion in the ax ial dis tance. For small val ues of ax ial sep a -
ra  tion, a sim  i  lar large vari  a  tion has also been ob  served in to  tal ef  fi  ciency for 137Cs as
well as for 60Co sources by in  creas  ing the ax  ial-off  set from zero to 50 cm.
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IN TRO DUC TION
Pre cise  val ues  of  de tec tor  to tal ef fi ciency  are  re -
quired for a va  ri  ety of ap  pli ca  tions rang  ing from en  vi  -
ron men tal  ra dio ac tiv ity  mea sure ments,  trace  el e ment
quan ti fi ca tion  by  neu tron  ac ti va tion  anal y sis,  re ac tor
cool ant ac ti va tion stud ies to cos mic ra di a tion anal y sis. 
Nor  mally, along with other pa  ram  e  ters, the val  ues of
to tal  ef fi ciency  are  also  re quired  for  quan ti fi ca tion
pur poses  [1].
As stan  dard prac  tice, val  ues of de  tec  tor ef  fi  -
ciency are mea sured us ing var i ous cal i bra tion sources. 
This tech  nique works well for mono-en  er  getic
gamma-ray sources. How  ever, it is dif  fi  cult to span
any ar  bi  trary de  sired en  ergy range with such sources
ad e quately. There fore, typ i cally, suit able in ter po la tion 
pro ce dure is re quired for es ti ma tion of to tal ef fi ciency
at the de  sired val  ues of en  ergy [2]. In the ab  sence of a
the o ret i cal  or  well-founded  em pir i cal  for mula,  the
lim  ited num  ber of cal  i  bra  tion points, along with the
cor re spond ing  ex per i men tal  un cer tain ties,  tends  to
make  in ter po la tion  strat e gies  prone  to  os cil la tion  ten -
den cies  and  sen si tive  to  ex per i men tal  and  cal i bra tion
er rors  [3].
In the past, ef  forts have been made for the  o  ret  i  -
cal de ter mi na tion of the val ues of to tal ef fi ciency for a
va  ri  ety of sit  u  a  tions. These ef  forts can be di  vided into
three  broad  cat e go ries:  an a lyt i cal  meth ods,  sto chas tic
sim u la tion  meth ods,  and  hy brid  tech niques.  In  the
case of an  a  lyt  i  cal meth  ods, there are two sub-cat  e  go  -
ries:  semi-em pir i cal  tech niques  and  di rect  meth ods.
The work done by [3-14] be  longs to the semi-em  pir  i  -
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ac  ter  is  tic”, and a “cor  rect  ing” pair of curves are used.
The pa  ram  e  ters of both curves are de  ter  mined from
ex per i men tal  mea sure ments  by  the  least-square
method. The char  ac  ter  is  tic curve gen  er  ally has a rel  a  -
tively small num  ber of pa  ram  e  ters re  quir  ing only a
few points for cal i bra tion. The cor rec tion curve is con -
structed us  ing the re  sid  u  als. Due to its ro  bust  ness and
pre  ci  sion with selectable ac  cu  racy, it is rec  om  mended
by both [15, 16]. Clearly, the semi-em  pir  i  cal tech  -
niques are lim ited by the ac cu racy of the ex per i men tal
mea sure ments  and  the  cal i bra tion  en ergy  range.
In the case of the di  rect method for de  ter  mi  na  -
tion  of  to tal  ef fi ciency  of  de tec tors,  es ti mates  of
solid-an gle in the source-de tec tor ge om e try are es sen -
tial.  This  in volves  rig or ous  math e mat i cal  treat ment  of
pho ton  ab sorp tion  in  var i ous  di rec tions  and  of ten
leads  to  quite  lengthy  math e mat i cal  ex pres sions.  The
work done by var  i  ous re  search  ers [17-24] be  longs to
the class of di rect meth ods for to tal ef fi ciency de ter mi -
na tion.  These  meth ods  rep re sent  stan dard  tech niques
against which all other meth  ods should be
benchmarked. How  ever, their ex  ten  sion and ap  pli  ca  -
tions to sit  u  a  tions even slightly de  vi  at  ing from the
stan  dard ones pose chal  lenge of car  ry  ing-out length
math e mat i cal  ma nip u la tions.
In con  trast with the di  rect meth  ods, the sto  chas  -
tic meth  ods of  fer easy extendibility for han  dling very
com plex  ge om e tries  [25,  26].  Many  re search ers  have
con trib uted  to  de ter mi na tion  of  to tal  ef fi ciency  of
gamma-ray de tec tors us ing Monte Carlo meth ods. The 
ef  forts of [1] and of [27-30] show the ef  fec  tive  ness of
Monte Carlo meth  ods in this area.
A lot of work has been done to de  velop gen  eral
pur  pose Monte Carlo sim  u  la  tion codes and cur  rently,
many such so phis ti cated codes are avail able. These in -
clude EGS [31], MCNP [32], GEANT [33], and
PENELOPE [34]. The gen  eral pur  pose codes gen  er  -
ally re quire de tailed knowl edge of the code it self in or -
der to use it for a spe  cific ap  pli  ca  tion. Also, they are
some  times tested only on a spe  cific plat  form which
tends to limit their ap  pli  ca  bil  ity to prac  ti  cal cases. Re  -
cently, Yalcin et al. [35] have pro posed a hy brid Monte 
Carlo tech nique which is based on an a lyt i cal ge om e try 
de  tails in con  junc  tion with Monte Carlo pro  ce  dure in
or der  to  im prove  com pu ta tional  ef fi ciency.  How ever,
the ex ten  sion of this tech  nique to a va  ri  ety of prac  ti cal
cases re  mains dif  fi  cult since it re  quires elab  o  rate an  a  -
lyt i cal  cal cu la tions  for  new  ge om e tries.
In this pa per, we pres ent the de tails of a fast, pri -
mary-in ter ac tion  Monte  Carlo  al go rithm  for  de ter mi -
na tion  of  to tal  ef fi ciency  of  cy lin dri cal  scin til la tion
gamma-ray de  tec  tors. The com  pu  ta  tion cost of Monte
Carlo  sim u la tions  is  min i mized  by  em ploy ing  pri -
mary-in ter ac tion  based  scor ing  tech nique,  which  re -
quires pho  ton track  ing up-to first in  ter  ac  tion point
only.  Ad di tion ally,  the  bi as ing  of  pho ton  his to ries  to -
ward scin  til  la  tion de  tec  tor has been used to at  tain fast
con ver gence  rates.  The  pro posed  al go rithm  of fers
easy extendibility while main  tain ing fast con ver gence
rates  for  de ter mi na tion  of  to tal  ef fi ciency  of  g-ray de  -
tec tors.
SIM U LA TION  PRO CE DURE
In  this  work,  a  cy lin dri cal  scin til la tion  de tec tor  is
con sid ered along with a point iso tro pic source as shown 
in fig. 1. The front face of the de  tec  tor is at dis  tance D
from the or  i  gin along the z-axis in the ax  ial di  rec  tion.
The de tec  tor has ra dius R and length L while the source
is lo  cated at point Q  hav ing  co or di nates  (xs,  ys, zs). It is
clear from fig. 1 that the path of pho  tons, emit  ted only
within the range of an  gle: f f f Î[ , ] min max  and 
q q q Î[ , ] min max , needs to be tested for in ter sec tion with 
the de  tec  tor sur  face. It may be noted that both ax  i  -
ally-lo  cated as well as off-ax  ial po  si  tioned sources are
treated in this ap proach. In these sim u la tions, scat ter ing
of pho  tons from sur  round  ings to the de  tec  tor has been
ne glected.  Also,  at ten u a tion  of  in ci dent  pho ton  in  the
de tec tor “win dow” is also ig nored since it is ex pected to 
have neg  li  gi  ble af  fect of to  tal ef  fi  ciency for the en  ergy
range  con sid ered  here.
Math e mat i cal  frame work
In these sim  u  la  tions, pho  tons emit  ted by the
point iso tro pic source have en ergy E and carry ran dom 
di rec tion  (q,  f) which is bi  ased to  wards the de  tec  tor.
The po  lar an  gle q has ran  dom co  sine-sam  pling in the
range [qmin, qmax] with r as ran  dom num  ber in [0, 1]
range
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Fig  ure 1. De  tails of the ge  om  e  try of a cy  lin  dri  cal
scintillator gamma-ray de  tec  tor and point iso  tro  pic
source at off-axial lo  ca  tionq q q = - +
- cos [( )cos( ) cos( )] min max
1 1 r r (1)
where with ref er ence to fig. 1, the range of po lar an gle
q is found by us  ing
q
r r
min
[( )/ ( )];
;
=
- + > ì
í
î
- tg if
otherwise
1
0
R D L R (2)
and
q r max [( )/ ] = +
- tg
1 R D (3)
where  r= + ( )
/ x y s s
2 2 1 2 is the ra  dial dis  tance of the
source point from the or  i  gin. The az  i  muthal an  gle has
uni form ran dom sam pling from [fmin, fmax] range with
r as ran  dom num  ber in [0, 1] range
f f f = - + ( ) min max 1 r r (4)
where [fmin,  fmax] are found by us ing the fol low ing set
of equa  tions
f
r r
min
( / ) sin ( / );
=
- > ì
í
î
- - tg if
0; otherwise
1 1 y x R R s s (5)
and
f
r r
max
( / ) sin ( / );
=
+ > ì
í
î
- - tg if
0; otherwise
1 1 y x R R s s       (6)
Now, we track the pho  ton and com  pute its point
in ter sec tion  (x,  y,  z) with z = D plane which con  tains
the de  tec  tor up  per flat sur  face. If ( )
/ x y R s s
2 2 1 2 + < , it
im plies that a pho ton has en tered the de tec tor from the
up per flat sur face; oth er wise, it has passed through the
side curved sur  face (see points P1 and P2 in fig. 1).
The co  or  di  nates of the point where pho  ton crosses the
de  tec  tor sur  face are given by (xd, yd, zd). At this stage,
the free-flight dis  tance x cov  ered by the pho  ton is
com puted  us ing
x
m
=-
1
ln r (7)
where m is the at ten u a tion co ef fi cient of NaI(Tl) de tec -
tor at en ergy E and r is ran dom num ber in (0, 1] range.
Then,  the  co or di nates  (xp,  yp,  zp) of the pri  mary in  ter  -
ac  tion point are com  puted us  ing
x x
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z z
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The pri mary in ter ac tion point is in side the de tec -
tor if ( )
/ x y p p
2 2 1 2 + £ R and D £ zp £ (D + L); and in this
case, the pho  ton “score” is in  cre  mented by one. This
pro ce dure is re peated for N num ber of pho ton his to ries 
as shown in fig. 2. The to tal ef fi ciency etot(E) of the de -
tec  tor is found by us  ing
e q f tot ( ) E F F
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N
= (9)
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The  val ues  of  in co her ent  to tal  lin ear  at ten u a tion
co ef fi cient  at  var i ous  val ues  of  g-ray  en er gies  for
NaI(Tl) de tec tor were ob tained us ing the XCOM soft -
ware [36]. A brief list of the val ues of at ten u a tion co ef -
fi  cient and the cor  re  spond  ing val  ues of mean free
paths for these pho  tons ob  tained from XCOM for
NaI(Tl) de  tec  tor is pro  vided in tab. 1. It is clear from
this ta  ble that the val  ues of mean free paths are much
smaller than the de  tec  tor di  men  sions over the gamma
ray en  ergy range of in  ter  est.
RE SULTS  AND  DIS CUS SION
The pri mary-in ter ac tion based Monte Carlo pro -
gram (BPIMC) with bi as ing has been used in this work 
for  the  cal cu la tion  of  to tal  de tec tion  ef fi ciency  of  cy -
lin dri cal  scin til la tion  de tec tors  with  point  iso tro pic
g-ray sources. This pro  gram has fast con  ver  gence rate
and as com  pared with other stan  dard as well as hy  brid
Monte Carlo pro  grams which re  quire trac  ing of 106
pho ton his to ries, PBIMC pro gram yield con verged re -
sults typ i cally in 104 his to ries with the stan dard de vi a -
tion be  low 0.4 per  cent.
The pre dic tions of BPIMC code have been com -
pared with var  i  ous cases re  ported in lit  er  a  ture. For a
3"´ 3" NaI(Tl) de  tec  tor with point iso  tro  pic g-ray
source lo  cated at D = 0.001, D = 0.5, and D = 10 cm,
the BPIMC com puted val ues of the to tal de tec tion ef fi -
ciency have been com pared with the cor re spond ing re -
sults found by [37-39] and by [17, 35].
The cor re spond ing re sults show ex cel lent agree -
ment be  tween the pre  dic  tion of BPIMC code and the
cor  re  spond  ing pub  lished re  sults as de  picted in fig. 3.
Nu mer i cal val ues for the three cases at the dis crete val -
ues of en ergy are given in tab. 2. Again, it is noted that
there is ex  cel  lent agree  ment be  tween BPIMC cal  cu  -
lated val  ues and the cor  re  spond  ing val  ues found by
other  in di cated  re search ers.
The pri  mary-in  ter  ac  tion based Monte Carlo ap  -
proach has been used for cal  cu  lat  ing the en  ergy de  -
pend  ent vari  a  tion of the to  tal ef  fi  ciency of 3" ´ 3" cy  -
lin dri cal NaI(Tl) scintillator for var i ous val ues of ax ial 
dis tances  D and the cor  re  spond  ing re  sults have been
shown in fig. 4. Many or  ders of mag  ni  tude change in
the to tal ef fi ciency is ob served for vari a tion of D in [0,
50] range. This change may be at  trib  uted to change in
the solid an gle and as well as the change in a num ber of
in  ter  ac  tions pos  si  ble due to oblique to nearly nor  mal
in ci dence  of  pho tons.
The BPIMC code has also been used for the cal  -
cu  la  tion of to  tal ef  fi  ciency val  ues for sources lo  cated
at off-ax  ial  lo  ca  tions at dis  tance r from the or  i  gin in
the per  pen  dic  u  lar  di  rec  tion  to  the de  tec  tor  axis.
S. U. Rehman, S. M. Mir  za, N. M. Mir  za: A Fast, Pri  mary-In  ter  ac  tion Monte Carlo Meth  od  ol  ogy for ... 197These re  sults have been com  pared with the cal  cu  la  -
tions of Selim et al. [40] and Beam et al. [28] for Eg =
=j0.662 MeV and are given in tab. 3. It is clear from
these data that BPIMC re  sults are in good agree  ment
with the cor re spond ing re sults found by di rect cal cu la -
tions  as  well  as  with  the o ret i cal  and  ex per i men tal
meth ods.
The vari  a  tion of to  tal ef  fi  ciency of the cy  lin  dri  -
cal  scin til la tion  de tec tor  for  137Cs and 60Co with ax  ial
off-set dis  tance r  for  var i ous  in di cated  val ues  of  D is
shown in fig. 5. It is ob served that the value of to tal ef -
fi ciency de creases by in creas ing the value of r as well
as  D, which is es  sen  tially due to re  duc  tion in the
source-to-de  tec  tor solid an  gle. Also, for the same lo  -
ca tion, the  137Cs source is found to have a higher value
of to  tal ef  fi  ciency as com  pared with the 60Co source,
which is in ac  cor  dance with the ex  pected be  hav  ior,
since 137Cs has lower value of pho  ton en  ergy and the
cor re spond ing  value  of  to tal  at ten u a tion  co ef fi cient
(m) for NaI(Tl) is higher, which leads to a higher value
of  cor re spond ing  to tal  ef fi ciency.
The pri mary-in ter ac tion Monte Carlo based pro -
gram BPIMC has been used for study of the vari  a  tion
of to tal ef fi ciency of the cy lin dri cal scin til la tion de tec -
tor of var i ous di  men sions. In this study, the source has
been placed at 5 cm ax  ial lo  ca  tion and en  ergy de pend  -
ent to  tal ef  fi  ciency val  ues have been cal  cu  lated for a
range of val  ues of the de  tec  tor thick  ness and ra  dius.
The  vari a tion  of  the  en ergy  de pend ent  to tal  ef fi ciency
for the 3" dia NaI(Tl) de tec tor with thick ness in [1, 10]
range are shown in fig. 6. It is ob  served that to  tal ef  fi  -
ciency is in  de  pend  ent of de  tec  tor thick  ness in the
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Fig  ure 2. Flow chart of the bi  ased pri  mary-in  ter  ac  tion Monte Carlo algorithmlow-range of pho  ton en  er  gies. This is due to the fact
that these g-rays have cor  re  spond  ingly large value of
to tal  at ten u a tion  co ef fi cient  (m) for NaI(Tl) and there  -
fore even small thick  ness is suf  fi  cient to ab  sorb all of
in  ci  dent pho  tons. How  ever, for higher val  ues of pho  -
ton  en er gies,  the cor re spond ing  value  of  to tal at ten u a -
tion co ef fi cient be comes smaller and as a re sult there is 
con sid er able  trans mis sion  through  rel a tively  thin  de -
tec  tors which leads to smaller val ues of to  tal  ef  fi  cien -
cies.  This  fact can clearly be seen  in the 5 MeV en ergy 
range where a 1" thick de  tec  tor has the small  est to  tal
ef  fi  ciency while 10" de  tec  tor has the high  est value. It
is also no tice able that in the high en ergy range, the val -
ues of to  tal ef  fi  ciency tend to sat  u  rate to a max  i  mum
val  ues as the de  tec  tor thick  ness is in  creased.
The de pend ence of to tal ef fi ciency on the de tec tor 
di  am  e  ter has also been stud  ied us  ing BPIMC pro  gram.
The source has been con  sid  ered at 5 cm ax  ial dis  tance
from the front face of a 3" thick cy  lin  dri  cal NaI(Tl) de  -
tec  tor. The de  tec  tor ra dius has been in  creased from one
inch to 10 inches and in each case en ergy de pend ent to -
tal ef  fi  ciency pro  file has been cal  cu  lated us  ing BPIMC
pro  gram. These re  sults are shown in fig. 7.
As the de  tec  tor ra  dius is in  creased, the solid an  -
gle be tween source and de tec tor in creases which leads
to in  crease in the num  ber of in  ter  cepted pho  tons. As a
con se quence,  to tal  ef fi ciency  should  in crease  by  in -
creas ing  de tec tor  ra dius.  The  cal cu lated  val ues  of
BPIMC code are con  sis  tent with this ex  pected be  hav  -
ior. For a 10 inch de  tec  tor ra  dius, the max  i  mum to  tal
de  tec  tor ef  fi  ciency is found to ap  proach 0.4. It is also
ob served that the in cre men tal rise in the val ues of to tal
ef fi ciency for the same step in crease in de tec tor ra dius
be comes smaller and smaller as the de tec  tor ra dius in -
creases, which in di cates that for de tec tors hav ing very
large ra dii, to tal ef fi ciency is ex pected to ap proach cer -
tain  max i mum  value.
CON CLU SIONS
The  pro posed  pri mary-in ter ac tion  Monte  Carlo
meth  od  ol  ogy has been found to yield com  pa  ra  ble re  -
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Ta ble  1.  Vari a tion  of  at ten u a tion  co ef fi cient  and  the  cor re spond ing  val ues  of  mean  free  path  with  g-ray en  ergy [36]
Eg
[keV]
m/r
[cm2g–1]
m
[cm–1]
Mean free path
[cm]
Eg
[keV]
m/r
[cm2g–1]
m
[cm–1]
Mean free path
[cm]
1.00E+00
2.00E+00
3.00E+00
4.00E+00
5.00E+00
6.00E+00
7.00E+00
8.00E+00
9.00E+00
1.00E+01
2.00E+01
3.00E+01
4.00E+01
5.00E+01
6.00E+01
7.00E+01
8.00E+01
9.00E+01
1.00E+02
7.76E+03
1.92E+03
7.00E+02
3.36E+02
7.21E+02
5.27E+02
3.56E+02
2.49E+02
1.84E+02
1.40E+02
2.17E+01
7.20E+00
1.87E+01
1.05E+01
6.47E+00
4.28E+00
3.02E+00
2.20E+00
1.67E+00
2.85E+04
7.04E+03
2.57E+03
1.23E+03
2.64E+03
1.93E+03
1.31E+03
9.13E+02
6.74E+02
5.13E+02
7.94E+01
2.64E+01
6.85E|+01
3.85E+01
2.37E+01
1.57E+01
1.11E+01
8.08E+00
6.13E+00
3.51E-05
1.42E-04
3.90E-04
8.12E-04
3.78E-04
5.17E-04
7.66E-04
1.10E-03
1.48E-03
1.95E-03
1.26E-02
3.79E-02
1.46E-02
2.60E-02
4.21E-02
6.37E-02
9.04E-02
1.24E-01
1.63E-01
2.00E+02
3.00E+02
4.00E+02
5.00E+02
6.00E+02
7.00E+02
8.00E+02
9.00E+02
1.00E+03
2.00E+03
3.00E+03
4.00E+03
5.00E+03
6.00E+03
7.00E+03
8.00E+03
9.00E+03
1.00E+04
3.30E-01
1.67E-01
1.17E-01
9.47E-02
8.20E-02
7.34E-02
6.74E-02
6.25E-02
5.87E-02
4.14E-02
3.67E-02
3.50E-02
3.47E-02
3.48E-02
3.52E-02
3.58E-02
3.64E-02
3.72E-02
1.21E+00
6.12E-01
4.29E-01
3.47E-01
3.01E-01
2.69E-01
2.47E-01
2.29E-01
2.15E-01
1.52E-01
1.35E-01
1.28E-01
1.27E-01
1.28E-01
1.29E-01
1.31E-01
1.34E-01
1.36E-01
8.27E-01
1.63E+00
2.33E+00
2.88E+00
3.32E+00
3.71E+00
4.05E+00
4.36E+00
4.65E+00
6.59E+00
7.43E+00
7.79E+00
7.87E+00
7.84E+00
7.75E+00
7.63E+00
7.48E+00
7.33E+00
Fig ure  3.  Com par i son  of  to tal  de tec tion  ef fi ciency  for  a
3"  ´ 3" Nal(Tl) de  tec  tor with g-ray en  ergy with
cor re spond ing  hy brid  Monte  Carlo,  di rect  and
ex per i men tal re sults for var i ous val ues of ax ial source to
de tec tor dis tance (a) D = 0.001 cm, (b) D = 0.5 cm, and (c)
D = 10 cmsults to those found by di  rect, hy  brid Monte Carlo,
stan  dard Monte Carlo, as well as by ex  per  i  men  tal
meth  ods. It con  verges quickly, re  duc  ing stan  dard de  -
vi a tions to less than about 0.4% in only 104 his to ries in
con  trast with 106 re  quired by a hy  brid Monte Carlo
method.  High  com pu ta tional  ef fi ciency  of  BPIMC
code stems from the us  age of bi  as  ing in these Monte
Carlo  sim u la tions  along  with  pri mary  in ter ac tion
based scor  ing tech  nique.
The  pro posed  meth od ol ogy  is  flex i ble  and  has
been ex  tended from ax  i  ally to non-ax  i  ally lo  cated
point iso tro pic sources where, again, the pre dic tions of 
BPIMC code have been found in good agree ment with
di rect,  the o ret i cal,  as  well  as  ex per i men tal  meth ods.
This in  di  cates the ca  pa  bil  ity of the pro  posed meth  od  -
ol ogy  for  han dling  com plex  ge om e tries  with  rel a tive
ease. Fi  nally, this meth  od  ol  ogy has been used for the
study of the de  pend  ence of to  tal ef  fi  ciency on the de  -
tec  tor thick  ness and ra  dius. The BPIMC re  sults have
been found con  sis  tent with the ex  pected be  hav  ior for
these cases.
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Ta ble 2. Val ues of to tal ef fi ciency of the 3" ´ 3" cylinderical Nal(Tl) de tec tor at var i ous g-ray en er gies at in di cated val ues of 
ax ial  dis tances  D
Energy [keV] Total efficiency
D = 0.001 cm Present
work
Yalcin et al.
(2007) [35]
Nakamura
(1972) [42]
Miller and Snow
(1961) [17]
Vegors et al.
(1958) [37] –
661
1332
2620
0.3737
0.2974
0.2495
0.3646
0.2930
0.2476
0.367
0.296
0.249
0.370
0.302
0.250
0.362
0.293
0.248
–
–
–
D = 0.5 cm Present
work
Yalcin et al.
(2007) [35]
Cesana and Terrani
(1977) [39]
Heath
(1964) [38] – –
80
212
110
0.4330
0.4078
0.2313
0.4333
0.4013
0.2281
0.435
0.404
0.229
0.435
0.403
0.228
–
–
–
–
–
–
D = 10 cm Present
work
Yalcin et al.
(2007) [35]
Cesana and Terrani
(1964) [39]
Heath (1964)
[38]
Belluscio et al.
(1974) [41]
Nakamura
(1972) [42]
320
662
1332
2620
2750
0.0255
0.0207
0.0169
0.0142
0.0140
0.0249
0.0202
0.0164
0.0140
0.0139
0.0251
0.0201
0.0165
–
–
0.0247
0.0198
0.0162
–
–
0.0250
0.0190
0.0164
–
0.0141
–
0.0183
0.0168
0.0132
–
Ta ble 3. Com par i son of BPIMC cal cu lated val ues of to tal ef fi ciency for Eg = 0.662 MeV at var i ous in di cated dis tances with
the  cor re spond ing  val ues  ob tained  by  us ing  di rect,  the o ret i cal  and  ex per i men tal  methods
r [cm] D [cm]
etot(104) Normalized values
Present
work
Selim & Abbas
(1996) [40]
Present
work
Selim & Abbas
(1996) [40]
Beam et al. (1978) [28]
Experiment Theory
0.0
22.5
31.8
39.0
45.0
45.0
39.0
31.8
22.5
0.0
5.6125
6.0561
6.3048
6.5261
6.7231
5.5500
6.3089
6.6282
6.8356
7.3519
1.0
1.079
1.124
1.163
1.198
1.0
1.1367
1.1947
1.2316
1.3247
1.0
1.136
1.201
1.276
1.320
1.0
1.057
1.123
1.172
1.220
0.0
7.5
10.6
13.0
15.0
15.0
13.0
10.6
7.5
0.0
4.3165
4.5530
4.8605
5.2049
5.9802
4.2790
4.6980
4.9972
5.3233
5.9325
1.0
1.055
1.126
1.206
1.386
1.0
1.0979
1.1679
1.2441
1.3864
1.0
1.051
1.151
1.244
1.557
1.0
1.034
1.099
1.215
1.414
Fig ure  4.  Vari a tion  of  to tal  de tec tion  ef fi ciency  for  a
3"  ´ 3" Nal(Tl) de  tec  tor with g-ray en  ergy for var  i  ous
in di cated  val ues  of  axial  source-to-de tec tor  dis tance  DAC KNOWL EDGE MENTS
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[akil U. REHMAN, Sikander M. MIRZA, Nasir M. MIRZA
JEDAN  MONTE  KARLO  POSTUPAK  ZA  BRZO  ODRE\IVAWE  UKUPNE 
EFIKASNOSTI  CILINDRI^NOG  SCINTILACIONOG  GAMA  DETEKTORA
Radi odre|ivawa ukupne efikasnosti cilindri~nog scintilacionog detektora gama
zra~ewa, razvijen je Monte Karlo algoritam zasnovan na primarnoj interakciji. Ovaj postupak
ugra|en je u BPIMC ra~unarski pro gram na Matlab osnovi. Za ta~kaste izotropne izvore sme{tene
aksijalno u odnosu na osu detektora, predvi|awa dobijena BPIMC kodom i odgovaraju}i rezultati
hibridne Monte Karlo metode, kao i eksperimentalna merewa u {irokom rasponu energija gama
zra~ewa, slo`ila su se veoma dobro. Za ta~kaste izvore udaqene od aksijalne ose, pore|ewe
predvi|awa BPIMC koda sa odgovaraju}im rezultatima dobijenim direktnim prora~unima ili
uobi~ajenim Monte Karlo procedurama,  dobro se sla`u – potvr|uju}i time predlo`eni algoritam.
Kori{}ewem BPIMC  koda utvr|eno je da energetska zavisnost detektorske efikasnosti dobija
asimptotski oblik sa pove}awem debqine ili pre~nika scintilatora pri fiksnim ostalim
vrednostima. Programom BPIMC prou~avana je promena energetske zavisnosti ukupne efikasnosti 
3" ´ 3" Nal(Tl) scintilatora u aksijalnom pravcu. Pri varijaciji aksijalnog rastojawa od 0 cm do 50
cm, prime}ena je promena oko dva reda veli~ine u detektorskoj efikasnosti. Za 137Cs i 60Co izvore
pri malim vrednostima aksijalnog odstupawa, tako|e je uo~ena velika promena ukupne
efikasnosti sa porastom aksijalnog rastojawa od 0 cm do 50 cm.
Kqu~ne re~i: scintilacioni detektor, ukupna efikasnost, ta~kasti izvor, Monte Karlo
jjjjjjjjjj.jjjjjjjjjjjjjsimulacija